This study was conducted to know effects of forage cutting height and inoculants application on chemical composition, fermentation characteristics and fatty acid profile of barley silage. Barley forage(Yuyeon hybrid) was harvested at two different cutting heights(5 vs. 15cm) and applied with or without Lactobacillus plantarum, and ensiled for 0, 2, 7, 28, 49 and 100days. On 0 to 49-d of ensiling, higher cutting height resulted rapid drop (p<0.05) in pH caused by higher lactate content. Crude protein (p<0.01) content of 100-d silage was decreased by inoculation, but increased by higher cutting height. However, neutral detergent fiber and acid detergent fiber contents were decreased (p<0.05) by both inoculation and cutting height. In vitro dry matter digestibility was improved by higher cutting height (p=0.01), while yeast and mold counts were reduced (p<0.0001). The C18:3n-3 content in barley silage was decreased (p=0.001) by inoculation, but increased (p=0.034) by higher cutting height. The DNA analysis indicated L. plantarum dominating fermentation in inoculated silages. The results showed that higher cutting height can improve silage quality in terms of increasing crude protein content and digestibility as well as reducing yeast and mold counts in barley silage.
Introduction
Whole crop barley, as winter forage, is widely using to make silage for its high contents of rumen-fermentable carbohydrates (Eun et al., 2004) .
Yuyeon barley is a new hybrid developed by cross breeding at National Institute of Crop Science, South Korea having no silk, which can potentially improve feed intake and digestibility. Forage having higher palatability and digestibility is potential to achieve higher growth and milk production (Hunt et al., 1993; Oba & Allen, 1999) . The lower part of the forage crop is generally considered to be poorly digestible as it contains fiber and lignin (Tolera & Sundstøl, 1999) . Bernard et al.(2004) showed that increased cutting height decrease the concentration of acid detergent fiber(ADF) and in vitro true dry matter digestibility (IVDMD). Wu & Roth(2005) reported that higher cutting height of corn forage increased the concentrations of crude protein(CP) and net energy for lactation(NEL), and neutral detergent fiber(NDF) digestibility compared to the normal cutting height. In case of whole crop silage, increasing cutting height off or ages increases the proportion of grain and decrease fiber content (Weller et al., 1995) . Sinclair et al.(2003) reported that starch content and metabolisable energy were improved by increased cutting height of wheat silage. Schnyder(1993) suggested that accumulated soluble sugar reserve in the stem and leaf sheath can be mobilized and transported to the developing grain to ensure a significant contribution to final grain yield.
Leaving some more portion of the stalk at forage harvesting may be beneficial for silage fermentation especially when bacterial inoculation is intended to use. Earlier studies showed that homofermentative bacteria(Lactobacillus plantarum) efficiently improved fermentation characteristics of different silages (Zahiroddini et al., 2004; Baah et al., 2011) .
Therefore, this study was conducted to know the effects of forage cutting height and bacterial inoculation on nutritive value, fermentation characteristics and fatty acid profile of whole crop Yuyeon barley silage. 
Materials and Methods

Silage extract preparation
Twenty grams of fresh sample along with 200mL of sterile ultrapure water was macerated for 30sec-onds in a laboratory blender followed by filtering through two layers of cheesecloth to obtain silage extract (Kim & Adesogan, 2006 Toledo, Switzerland) and ammonia-N content was determined by colorimetric method described by Chaney & Marbach(1962) . For lactate and VFA analysis, extracted silage juice was centrifuged at 5,645×g for 15min, and then, the supernatant was collected.
Contents of lactate and VFA were measured in HPLC(L-2200, Hitachi, Tokyo, Japan) fitted with a UV detector(L-2400, Hitachi, Tokyo, Japan) and a column(Metacarb 87H, Varian, CA, USA) according to the method described by Adesogan et al.(2004) . 
DNA extraction, primer and PCR condition
The DNA of L. plantarum was extracted by using QIAamp DNA mini kit(Qiagen, USA) following the manufacturer's protocol. The DNA concentrations were measured by using a NanoDrop Spectrophotometer (ND-1000, USA 
Results and Discussion
The chemical composition and FA profile of barley forage(Yuyeon hybrid) before ensiling is illustrated in Forages were harvested at 5 and 15cm height from root, respectively. INO, inoculant effect; CUT, cutting height effect; INO*CUT, interaction between inoculant and cutting height; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. SEM, standard error of the mean. Table 4 . Fatty acid profiles of barley silage(Yuyeon) ensiled for 100 d(% of total FA or as stated) However, LAB count was affected neither by cutting height nor by inoculation (p>0.05).
The FA profile of barley silage ensiled for 100days are described in Table 4 . Inoculant application increased (p<0.05) C16:0(2.59 vs. 2.45%), C18:0(1.80 vs. 1.70%), C18:1n-9(9.14 vs. 7.40%), monounsaturated FA(MUFA, 10.3 vs. 8.67%) contents, but decreased C18:3n-3(28.2 vs. 36.6%) content.
The contents of C14:0(2.42 vs. 2.89%), C16:0(23.8 vs. 26.6%) and C18:0(16.3 vs. 18.7%) decreased (p<0.05) by increased cutting height, while C18:3n-3(32.7 vs. 29.4%) content increased (p=0.034).
There were interaction effects(inoculant × cutting height, p<0.05) on the contents of C15:0, C17:0, saturated FA(SFA) and polyunsaturated FA(PUFA), and the ratio of PUFA to SFA.
The Polymerase chain reaction(PCR) amplification of DNA of barley silage ensiled for 100days is shown in Fig. 2 . The DNA band was more prominent in inoculated silages, and the band mass was also numerically higher (239.2 vs. 48.9ng) than uninoculated silages.
Chemical composition of barley forage and silage are in agreement with our previous studies (Kim et al., 2013; Amanullah et al., 2014) . The DM of L. plantarum inoculated silage was well preserved than of uninoculated silages. In the present study, we observed an increase in CP content due to increasing The increased CP content of silages with higher cutting height in this study might be due to the increase of CP content in those barley forage (Table 1) , which means the lower part of Yuyeon barley forage has lower CP content than the upper part. Usually inoculant application helps to preserve the CP content in silage (McDonald et al., 1991) . The reduced CP content with L. plantarum application in this study is unusual, but partially explained by the increased pH and ammonia-N concentration in inoculated silage of 15 cm cutting height at 100 days of ensiling (Fig. 2 ).
In agreement with the present result, the reduction of CP content of inoculated barley silage was reported by Amanullah et al.(2014) and Taylor et al.(2002) .
The reduced fiber concentration as NDF, ADF and hemicelluloses in higher cut silages are in agreement with most other previous studies with corn or other silages (Sinclair et al., 2003; Neylon & Kung, 2003; Kennington et al., 2005; Kung et al., 2008) . The reduced fiber content in higher cut silages is straightly due to the fact that more fibrous and less digestible part of the plant was left in the field (Tolera & Sundstøl, 1999; Kung et al., 2008) . This further might contributed to increase the IVDMD in silage of higher cutting height in this study. In agreement with the result of present study, Kennington et al.(2005) observed greater DM degradability in higher cut silage, and Kang et al.(2009) reported inoculant application increased IVDMD. However, the inoculant effects on IVDMD of silage are variable. This might be due to the difference in forage hybrid and bacterial strain.
The rapid reduction of pH in inoculated silages at early stages of fermentation(2 -49 days) in this study suggests that inoculation with L. plantarum was beneficial to reduce pH at the beginning of ensiling (Fig. 2) . Rapid reduction at early stage of fermentation is important to ensure good preservation of forage nutrients (Adesogan et al., 2004; Kim & Adesogan, 2006) . The silage pH is associated with organic acid concentration in silage, especially lactic acid (Shaver, 2003; Zahiroddini et al., 2004) . In this study, lactate concentration in inoculated silages was increased from day 2 -49 of ensiling, but not persisted at 100day (Fig. 2) . After 49days, in most of the silages(except uninoculated higher cut silage) lactate concentration was dropped but acetate was increased at variable rate. This might be the underlying reason for increasing pH in inoculated silage at 100days. but also for numerous biological functions (Raes et al., 2004) . Again, higher contents of dietary PUFA could increase FA quality of animal products, which can help to improve human health (Connor, 2000) .
Therefore, increased cutting height of Yuyeon barley forage has potential benefit for animal performances.
Inoculant applications were resulted the abundant DNA of applied inoculants (Arriola et al., 2011; Amanullah et al., 2014) . In agreement with these previous studies, PCR analysis of DNA in the presented study shown that DNA band mass was more prominent in inoculated silages.
Results showed that the concentration of CP and C18:3n-3 fatty acid was increased in barley(Yuyeon) silage by increasing cutting height at harvest. It also reduced the fiber concentration(ADF and NDF) in silage with the concomitant increase in in vitro DM digestibility. Use of L. plantarum inoculant did affect the silage chemical composition and fermentation characteristics, but in a non-specific manner. It is concluded that barley forage can be harvested at 15 cm height from the ground than at 5cm height to achieve increased CP concentration, reduced fiber and improved digestibility of whole crop barley silage.
